The aim of this letter is to provide a basis to interpret the dilaton as the dark matter of the universe, in the context of a particular cosmological model derived from type IIB supergravity theory with fluxes. In this theory, the dilaton is usually interpreted as a Quintessence field. But, with this alternative interpretation we find that (in this supergravity model) the model gives a similar evolution and structure formation of the universe compared with the ΛCDM model in the linear regime of fluctuations of the structure formation. Some free parameters of the theory are fixed using the present cosmological observations. In the non-linear regime there are some differences between the type IIB supergravity theory with the traditional CDM paradigm. The supergravity theory predicts the formation of galaxies earlier than the CDM and there is no density cusp in the center of galaxies. These differences can distinguish both models and might give a distinctive feature to the phenomenology of the cosmology coming from superstring theory with fluxes.
The aim of this letter is to provide a basis to interpret the dilaton as the dark matter of the universe, in the context of a particular cosmological model derived from type IIB supergravity theory with fluxes. In this theory, the dilaton is usually interpreted as a Quintessence field. But, with this alternative interpretation we find that (in this supergravity model) the model gives a similar evolution and structure formation of the universe compared with the ΛCDM model in the linear regime of fluctuations of the structure formation. Some free parameters of the theory are fixed using the present cosmological observations. In the non-linear regime there are some differences between the type IIB supergravity theory with the traditional CDM paradigm. The supergravity theory predicts the formation of galaxies earlier than the CDM and there is no density cusp in the center of galaxies. These differences can distinguish both models and might give a distinctive feature to the phenomenology of the cosmology coming from superstring theory with fluxes. One of the main problems in physics now is to know the nature of the dark matter and the understanding of the accelerated expansion of the universe. These two phenomena have been observed in the last years and now there are a number of observations supporting the existence of the dark matter [1] and the accelerated expansion of the universe as well [2] . On the other side, one of the main problems of superstring theory is that there is not a real phenomenology which can support the theory. Usually, superstring theory is supported only by its mathematical and internal consistency, but not by real experiments or observations. For some people, like the authors, one way of how superstring theory can make contact with phenomenology is through the cosmology [3] . In the last years, a number of new observations have given rise to a new cosmology and to a new perception of the universe (see for example [4] ). In superstring theory there are 6 extra dimensions forming a compact internal Calabi-Yau manifold [5] . Size and shape of this manifold manifests, at the four dimensional low energy effective field theory, a series of scalar fields (moduli of the theory) many of which apparently have not been seen in nature. In particular, two fields, the dilaton and the axion, are two very important components of the theory which can not be easily fixed. In fact, one should find a physical interpretation for these fields or give an explanation of why we are not able to see them in nature. One interpretation is that there exist a mechanism for eliminating these fields during the evolution of the universe [6] . Recently, one of the most popular interpretations for the dilaton field is that it can be the dark energy of the universe, i.e. a Quintessence field [7] . These last interpretations have been possible because after a non trivial compactification, the dilaton field acquires an effective potential. This effective potential makes possible to compare the dilaton field with some other kinds of matter [7] . In this letter we are giving the dilaton a different interpretation supposing that it is the dark matter instead of the dark energy. Such attempts have been carried over in the past with other dilaton potentials [8] . Here, we will be very specific starting with an effective potential derived recently from the type IIB supergravity theory. On the other hand, a great deal of work has been done recently, in the context of string compactifications with three-form fluxes (R-R and NS-NS) on the internal six-dimensional space and the exploration on their consequences in the stabilization of the moduli fields including the dilaton Φ and axion C [9] . Moduli stabilization has been used also in string cosmology to fix other moduli fields than the volume modulus including dilaton+axion and Kahler moduli [10] . For a description of more realistic scenarios, see [11] .
In the context of the type IIB supergravity theory on the T 6 /Z 2 orientifold with a self-dual three-form fluxes, it has been shown that after compactifaying the effective dilaton-axion potential is given by [12] 
where
Here h mnp are the NS-NS integral fluxes, the superscript (0) in the fields stands for the fields in the vacuum configuration and finally σ i with i = 1, 2, 3 are the overall size of each factor T 2 of the T 6 /Z 2 orientifold.
For the sake of simplicity in the derivation of the potential (1), some assumptions were made [12] . One of them is the assumption that the tensions of D-branes and orientifold planes cancel with the energy V dil at Φ = Φ 0 and C = C 0 . An assumption on initial conditions is that the dilaton is taken to deviate from equilibrium value, while the complex structure moduli are not. It is also assumed that (1) has a global minimum Φ 0 , such that V (Φ 0 ) = 0. Also that, the complex moduli are fixed and only the radial modulus σ feels a potential only when the dilaton-axion system is excited. These assumptions make the model more simple, but still with the sufficient structure to be of interest in cosmological and astrophysical problems.
In order to study the cosmology of this model, it is convenient to define the following quantities λ
, where λ is the string coupling λ = e Φ and λ √ 2κ is the reduced Plank mass M p / √ 8π. With this new variables, the dilaton potential transforms into
In some works the scalar field potential (2) is suggested to be the dark energy of the universe, that means, a Quintessence field [7] [12] . In this letter we are not following this interpretation to the dilaton field. Instead of this, we will interpret the term V 0 (cosh (λ √ κφ) − 1) as the dark matter of the universe [13] , [14] , L as the cosmological constant. The remaining term in V dil contains the contribution of the axion field C. This is what makes the difference between our work and previous ones. This interpretation allow us to compare the cosmology derived from the potential (2) with the Λ cold dark matter (ΛCDM) model. The rest of the fields coming from superstrings theory can be modeled as usual, assuming that this part of the matter is a perfect fluid. This perfect fluid has two epochs: radiation and matter dominated ones. In order to consider both epochs we write the matter component as matter and radiation, with a state equation given byρ b +3 H ρ b = 0 andρ rad +4 H ρ rad = 0. The cosmological constant L can be generalized supposing that it is also a perfect fluid with the equation of state given byρ L + 3 γ DE H ρ L = 0, where γ DE is smaller than 1/3 and can even be negative in the case it represents a phantom energy [15] field. It is just zero if ρ L represents the cosmological constant L. Now, we proceed to describe the different epochs of the universe using this new interpretation. We can easily distinguish two behaviors of the scalar field potential: the exponential and the power laws. In the early universe the exponential behavior dominates the scalar fields potential. In this case we have the following analysis:
Inflation.-In this epoch, the scalar field potential can be written as
because the exponential dominates completely the scenario of the evolution of the dilaton potential. The distinctive feature during this period is that the presence of the fluxes generate a quadratic term in the Friedman equation. The scalar field density ρ = 1/2φ 2 +V appears quadratic in the field equations,
Under this conditions it is known that these potentials are always inflationary in the presence of these fluxes [16] . Nevertheless, exponential potentials are inflationary without branes, in the traditional Friedman cosmology, only if λ < 2 (see for example [17] ). Therefore, if we suppose that λ > 2, the dilaton potential (2) is not inflationary without the quadratic density term. Thus, as the universe inflates, the quadratic term becomes much more smaller than the linear term and we recover the Friedman equation
where the exponential potential is not inflationary anymore. For these values of λ this gives a natural graceful-exit to this scalar field potential [18] . It remains to study which is the influence of the axion potential to this epoch [19] . Bigbang Nucleosynthesis.-Here we do not find any difference with the traditional ΛCDM model. As we see in Fig.1 , for redshifts z ∼ 10 6 and bigger, radiation dominates the matter contents of the universe as in the traditional ΛCDM model. Densities Evolution.-The evolution of the densities is quite sensible to the initial conditions, there is a fine tuning problem here. Let us study the example of evolution shown in Fig.1 . As in the ΛCDM model, here also the recombination period starts around the redshift 10
3 . The first difference we find between ΛCDM model and the IIB superstrings theory is just between the redshifts 10 3 and 10 2 , where the interaction between the dilaton and matter gives rise to oscillations of the densities. Is just in this epoch where we have to look for observations that can distinguish between this two models. In this epoch the scalar field is already small λ √ κφ < 0.003 and approaches the minimum of the potential in φ = 0. Thus, potential (2) starts to behave as a power low potential, simulating a type φ 2 field. Therefore it is not surprising that this potential mimics very well the dark matter behavior. In the ΛCDM model, dark matter is modeled as dust and it is well known that power low potentials mimics dust fluids as they oscillate around the minimum of the potential [20] . In Fig.1 this behavior is confirmed .
In what follows we study the structure formation in the type IIB supergravity model with fluxes. Here the matter contents of the universe play an important role for its evolution. Nevertheless, the dilaton field interacts with matter through the factor e
being F the field strength of the matter contents. In a flat Friedman-Robertson-Walker space-time, after inflation, the cosmological field equations are then given by
where the dot stands for the derivative with respect to the cosmological time and H is the Hubble parameter H =ȧ/a. In order to analyze the behavior of this cosmology, we transform equations (5)- (10) using new variables defined by
where we have used the definition of the potentials
. With these definitions equations (5)- (10) transform into
where now prime stands for the derivative with respect to the N -foldings parameter N = ln(a). The quantity Π is defined as
(16) The Friedman equation (5) becomes a restriction of the variables such that
The density quantities Ω x = ρ x /ρ critic can be obtained using the variables (15), then one arrives at
where we have used the restriction (17) . Equations (15) are now a dynamical system. The complete analysis of this system will be given elsewhere [21] , but the main results are the following. 1.− The system contains many critical points, some with dark matter (dilaton) dominance, other with Baryon dominance and some with dark energy dominance. 2.− The system depends strongly on the initial conditions. One example of the evolution of the densities is shown in Fig.1 , where the evolution of the densities is very similar to the densities of the ΛCDM model. The free constants suffer also of the fine tuning problem. For example, the favored values for the free parameter V 0 and λ are V 0 ∼ (3 × 10 −27 m P lanck ) 4 , λ ∼ 20 [14] . With this value for V 0 we obtain that 1−ψ 0 ∼ 10 −17 . On the other side, we can see that after redschifts z ∼ 10 3 the exponential e λ √ κφ ∼ 1. After inflation, the variable u in (18) takes values such that −0.8 < u < 0.8. Using the definition for u in (13), we obtain that
where Ω 0DM , Ω 0DE , Ω 0b , and Ω 0rad are the values of the density rate for dark matter, dark energy, Baryons and radiation at the present time respectively, and H 0 is the value of the Hubble constant. Using this approximation one finds that λ √ κφ < 0.003 and goes to zero, such that its exponential is bounded 0.997 < e −λ √ κφ < 1. In other words, it takes the exponential more than 13 Giga years to change from 0.997 to 1. Structure Formation.-As shown in Fig.1 the axion field is completely subdominant, the structure formation is determined by the dilaton field φ and its effective potential (2). In [22] it was shown that the scalar field fluctuations with a cosh potential follow the fluctuation of the cold dark matter (CDM) model for the linear regime of fluctuations. There it is shown that the field equations of the scalar field fluctuations can be written in terms of the fluctuations of the ΛCDM model, in such a way that both models predict the same spectrum in the linear regime of fluctuations. Galaxies Formation.-Other main difference between both models, the CDM and type IIB superstrings is just in the non-linear regime of fluctuations. Here numerical simulations show that the scalar field virialize very early [23] , causing that in the superstring model galaxies form earlier than in the CDM paradigm. Furthermore, it has been shown that the scalar field does not have a cuspy central density profile [24] . Numerical and semi-analytic simulations have shown that the density profiles of oscillations (collapsed scalar fields) are almost flat in the center [25] , [26] , [23] . It has been also possible to compare high and low surface brightness galaxies with the scalar field model and the comparison shows that there is a concordance between the model and the observations, provided that the values of the parameters are just V 0 ∼ (3 × 10 −27 m P lanck ) 4 , λ ∼ 20 [25] . With this values of V 0 and λ, the critical mass for collapse of the scalar field is just 10 12 M ⊙ [26] , as it is expected for the halos of galaxies. These two features of the scalar field collapse might give distinctive features to superstring theory. At the present time there is a controversy about the density profiles of the dark matter in the centers of the galaxies [27] . This model of the superstring theory predicts that the center of the galaxies contains an almost flat central density profile. We are aware that this result corresponds to the particular compactification T 6 /Z 2 , but it could be a general signature of string theory, in the sense that it could survive in a more realistic compactification (including branes and fluxes), that give rise to models that resemble the Standard Model. In this case, if the cuspy dark matter density profiles are observed or explained in some way, this model would be ruled out. But if these profiles are not observed, it would be an important astrophysical signature of string theory.
Conclusions.-In this letter we propose an alternative interpretation of the dilaton field in the type IIB supergravity on the T 6 /Z 2 orientifold model with fluxes [12] . This alternative interpretation allowed us to compare this model with the ΛCDM one, which has been very successful in its predictions. The result is that there are some differences between both models before Bigbang nucleosynthesis, but they are very similar after that. We are aware that this is orientifold model is still a toy model and it would be interesting to study more realistic compactifications (including brane and orientifold configurations) and see if our results, including that of the dark matter density profiles, survive and become a general feature of string theory. If this is the case, this alternative interpretation of the fields of the theory might permit to establish a first contact of string theory with the astrophysics phenomenology of dark matter, i.e., its first contact with future astrophysical and cosmological observations. Thus, this model could provide the first steps for the understanding of the very early universe till the galaxy formation starting from a fundamental theory.
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